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Shear Resistance of Cold-Formed Steel Framed Shear Wall 







The cold-formed steel framed wall with sheet steel sheathing is a code approved 
structural system to resist lateral loads such as wind loads and seismic loads. 
The American Iron and Steel Institute Standard for Cold-Formed Steel Framing 
– Lateral Design 2004 Edition provides nominal shear strength for a limited 
range of steel sheet sheathed shear wall configurations. This paper presents a 
research project developed to add values for 0.030-in. and 0.033-in. steel sheet 
sheathed shear walls with 2:1 and 4:1 aspect ratios and 0.027-in. sheet steel 
shear walls with 2:1 aspect ratio. The fastener spacing taken into account in this 
research was 6-in., 4-in., 3-in., and 2-in. for the panel edges, and 12-in. for the 
panel field. The test program consisted of two series of shear wall tests. In the 
first series, monotonic tests were performed to determine the nominal shear 
strength for wind loads. In the second series, cyclic tests were conducted to 
obtain the nominal shear strength for seismic loads. This paper presents the 
details of the test program and the test results. 
                                                          





Background and Objectives 
The American Iron and Steel Institute (AISI) Lateral Standard (2004) provides a 
limited range of nominal shear strengths for both wind loads and seismic loads 
for sheet steel shear walls. The published shear strengths are based on the 
research conducted by Dr. Reynaud Serrette and his team at Santa Clara 
University in 1997 and 2002. In Serrette (1997), both monotonic and cyclic tests 
were conducted on 0.018-in. and 0.027-in. steel sheet sheathed shear walls. The 
test protocol used for monotonic tests in Serrette’s tests was similar to ASTM 
E564 “Standard Practice for Static Load Test for Shear Resistance of Framed 
Walls for Buildings.” except the incremental loading procedure in Serrette’s 
work was based on the lateral top of wall displacement while ASTM E564 uses 
the estimated peak load to determine the load increments. For the cyclic tests, 
the sequential phase displacement protocol was used in Serrette (1997, 2002). 
 
Serrette (2002) performed cyclic tests on 0.027-in. sheet steel shear walls with 
simple lap shear connections at the adjoining panel edges. The overall 
dimensions of the wall assemblies were 4-ft. × 8-ft. and the sheathing was made 
by two 4-ft. × 4-ft. ¾-in. sheets connected by single line of fasteners. No. 8 self-
drilling screws were used to assemble the shear walls and the screws were 
installed at 2-in. o.c. on the edges and 12-in. o.c. in the field of the sheathing 
sheets. The nominal shear strength from this particular wall configuration was 
787 pound per linear foot (plf). The mode of failure was pullout of the screws 
from the sheathing along the lap joint of the two sheets. 
 
The AISI Lateral Standard (2004) only covers 0.018-in. and 0.027-in. sheet steel 
walls with a limitation of up to a 2:1 aspect ratio for the 0.018-in. steel sheet 
sheathing and up to a 4:1 aspect ratio for 0.027-in. steel sheet sheathing. 
Therefore additional tests were desired to address a wider range of options of 
steel sheet sheathing for cold-formed steel shear walls. 
 
The objective of the research reported here was to develop experimental data 
and produce nominal shear strengths for both wind loads and seismic loads for 
cold-formed steel framed wall assemblies with 0.033-in., 0.030-in., or 0.027-in. 
steel sheathing on one side. The specific goals were to determine the nominal 
shear strength for: 
• 0.030-in and 0.033-in. steel sheet shear walls with 2:1 and 4:1 aspect 
ratios (height/width) for both wind loads and seismic loads,  
• 0.027-in. steel sheet shear walls with 2:1 aspect ratio for both wind 





• Fastener spacing of 6-in., 4-in., 3-in., and 2-in. at panel edges for all 




The test program was carried out during the time period from February to 
August 2007 in the NUCONSTEEL Structural Testing Laboratory at the 
University of North Texas. A total of 33 monotonic shear wall tests, 33 cyclic 
shear wall tests were conducted. The following sections provide the details of 
the test setup, testing procedure, and the test matrix. 
Test Setup 
Both the monotonic tests and the cyclic tests were performed on a 16-ft. span, 
12-ft. high adaptable structural steel testing frame. Figure 1 illustrates the 
schematic of the testing frame with a 4-ft. × 8-ft. shear wall. All the shear wall 
specimens were assembled in a horizontal position and then installed vertically 
in the testing frame. The wall was bolted to a structural steel base beam and 
loaded horizontally at the top. The out-of-plane displacement of the wall was 
prevented by a series of steel rollers on the front side and three individual rollers 
on the back side of the wall top. A load beam made by structural steel “T” shape 
was attached to the top track member of the wall by 2 - No. 12 × 1-1/2-in. hex 
washer head (HWH) self-drilling tapping screws placed every 3-in. on center. 
The “T” shape was made to be 4.5-in. wide so that it prevents the rollers from 
touching the test specimens during the test. Figure 2 shows the details of the top 
of the wall. The anchorage system for the monotonic tests used three Grade 8 
1/2-in. diameter shear anchor bolts with standard cut washers (ASME B18.22.1 
(1998)) and one Simpson Strong-Tie® S/HD10S hold-down with one Grade 8 
1/2-in. diameter anchor bolt. For the cyclic tests, the anchorage system included 
two Grade 8 1/2-in. diameter shear anchor bolts and one Simpson Strong-Tie® 
S/HD10S hold-down with a Grade 8 1/2-in. diameter hold-down anchor bolt at 
each end of the shear wall. 
 
The testing frame was equipped with one 35-kip hydraulic actuator with ±5-in. 
stroke. A 10-kip universal compression/tension load cell was placed to connect 
the top of lever to the “T” shape for force measuring. Five position transducers 
were employed to measure the horizontal displacement at the top of wall, the 
vertical displacement of the two boundary studs, and the horizontal 















Figure 1 Testing frame with a 4-ft. × 8-ft. wall assembly 
 
Out-of-Plane support
Load beam Load cell
 
Figure 2 Close up of the top of the wall specimen 
 
Test Procedure 
Both the monotonic tests and the cyclic tests were conducted in a displacement 
control mode. The procedure of the monotonic tests was in accordance with 
ASTM E564 (2006) “Standard Practice for Static Load Test for Shear 
Resistance of Framed Walls for Buildings”. A preload of approximately 10% of 
the estimated ultimate load was applied first to the specimen and held for 5 
minutes to seat all connections. After the preload was removed, the incremental 
loading procedure started until failure using a load increment of 1/3 of the 
estimated ultimate load.  
 
The CUREE protocol, in accordance with ICC-ES AC130 (2004), was chosen 
for the reversed cyclic tests. The CUREE basic loading history shown in Figure 





Table 2. The specified displacement amplitudes are based on a percentage of the 
ultimate displacement capacity determined from the monotonic tests. The 
ultimate displacement capacity is defined as a portion (i.e. γ=0.60) of maximum 
inelastic response, Δm, which corresponds to the displacement at 80% peak load. 
However, the CUREE protocol was originally developed for wood frame 
structures, and it was found in this test program that using 0.60Δm as the 
reference displacement was not large enough to capture the post peak behavior 
of the sheet steel walls in the cyclic tests. Therefore, the lesser of 2.5% of the 
wall height (2.4-in. for 8 ft. high wall) and the displacement at the peak load in 
the monotonic tests was used as the CUREE reference displacement in this test 
program. A constant cycling frequency of 0.2-Hz for the CUREE loading 
history was adopted for all the cyclic tests in this research. 
 











1 5.0 9 5.6 17 7.5 25 30 33 53 
2 5.0 10 5.6 18 7.5 26 23 34 53 
3 5.0 11 5.6 19 7.5 27 23 35 100 
4 5.0 12 5.6 20 7.5 28 23 36 75 
5 5.0 13 5.6 21 20 29 40 37 75 
6 5.0 14 10 22 15 30 30 38 150 
7 7.5 15 7.5 23 15 31 30 39 113 
8 5.6 16 7.5 24 15 32 70 40 113 
 






























The test matrix was designed to cover two overall wall dimensions: 8-ft. (wide) 
× 4-ft. (high) (2:1 aspect ratio) and 8-ft. × 2-ft. (4:1 aspect ratio); three sheet 
steel thicknesses: 0.033-in., 0.030-in., 0.027-in.; and three fastener spacing 
schedules on the panel edges: 6-in., 4-in., and 2-in. The 3-in. spacing 
configuration was not included in the test program and the nominal shear 
strengths for the 3-in. fastener spacing configuration were determined by 
interpolating the test results of the other spacing configurations. 
Figures 4 and 5 show the dimensions of the sheathed steel framed shear wall, 
shear anchor bolts, and the hold-downs. The framing members were assembled 
using No. 8×18-1/2” modified truss head self-drilling screws. Double C-shaped 
studs (back-to-back) were used for both boundary studs of the wall and the webs 
of the double studs were stitched together using 2 - No. 8×18-1/2” modified 
truss head self-drilling screws spaced at 6 in. o.c. 43-mil (0.043-in.) and 33-mil 
(0.033-in.) SSMA (Steel Stud Manufacturers Association) standard framing 
members were chosen for the wall assembles. For the monotonic test, one 
Simpson Strong-Tie® S/HD10S hold-down was attached to the tension boundary 
stud from inside by using a total of 15 - No. 14×1” HWH self-drilling screws. 
For the cyclic test, one Simpson Strong-Tie® S/HD10S hold-down was used at 
each end of the wall, and 15 - No. 14×1” HWH self-drilling screws were used to 
attach each hold-down to the boundary studs. For all specimens, the hold-down 
was raised 1.5-in. above the flange of the bottom track.  
 
(a) for monotonic test                          (b) for cyclic test 






 (a) for monotonic test          (b) for cyclic test 
Figure 5 Dimensions of 8-ft. × 2-ft. wall assemblies 
 
The details of the components of the tested steel sheet walls are given as 
follows: 
Studs:  
• 350S162-33 SSMA structural stud, 0.033-in. 3-1/2-in. × 1-5/8-in. made 
of ASTM A1003 Grade 33 steel, placed in 2-ft. o. c. for 0.027-in. steel 
sheet walls. 
• 350S162-43 SSMA structural stud, 0.043-in. 3-1/2-in. × 1-5/8-in. made 
of ASTM A1003 Grade 33 steel, placed in 2-ft. o. c. for 0.030-in. and 
0.033-in. steel sheet walls. 
Tracks:  
• 350T150-33 SSMA structural track, 0.033-in. 3-1/2-in. × 1-1/2-in. 
made of ASTM A1003 Grade 33 steel for 0.027-in. steel sheet walls. 
• 350T150-43 SSMA structural track, 0.043-in. 3-1/2-in. × 1-1/2-in. 
made of ASTM A1003 Grade 33 steel for 0.030-in. and 0.033-in. steel 
sheet walls. 
Sheathing:  
• 0.033-in. thick ASTM A1003 Grade 33 steel. 
• 0.030-in. thick ASTM A1003 Grade 33 steel. 
• 0.027-in. thick ASTM A1003 Grade 33 steel. 






Framing and Sheathing Screws:  
• No. 8×18-1/2-in. modified truss head self-drilling tapping screws. 
Spacing at panel edge is 6-, 4-, or 2-in. o.c. Spacing in the field of the 
sheathing is 12-in. for all specimen configurations. At the boundary 
studs, the sheathing screws were installed on the flanges of the outer 
stud. 
For each specimen configuration, two identical tests were conducted. For the 
monotonic testing, a third specimen would be tested if the shear strength or 
stiffness of the second specimen tests is not within 15% of the result of the first 
specimen tested. For the cyclic testing, a third specimen would be tested if the 
difference between the ultimate test loads of the first two specimens is more 

















Figure 6 Definitions of the test label 
Material Properties 
Coupon tests were conducted according to the ASTM A370-06 “Standard Test 
Methods and Definitions for Mechanical Testing of Steel Products”. The test 
results are summarized in Table 3. The coating on the steel was removed by 
hydrochloric acid prior to the coupon tests. 










Fu (ksi)  
Fu/Fy 
Ratio Elongation 
33 mil steel sheet 0.0358 43.4 53.8  1.24 27% 
30 mil steel sheet 0.0286 48.9 55.6 1.08 24% 
27 mil steel sheet 0.0240 50.3 57.8 1.15 21% 
43 mil stud 0.0430 47.6 55.1 1.15 29% 
33 mil stud 0.0330 47.7 55.7 1.17 24% 
43 mil track 0.0420 43.1 55.6 1.29 25% 
33 mil track 0.0330 57.4 67.2 1.17 28% 
Note: Steel is specified as Grade 33 for all members. The specified minimum yield 






Shear Wall Test Results 
A total of 30 monotonic tests and 30 cyclic tests were conducted. In the 4-ft. × 
8-ft. wall monotonic tests, the back-to-back double boundary studs were able to 
provide enough resistance against overturning forces. For the wall assemblies 
with 4”/12” and 6”/12” sheathing screw spacing, the failure mode was a 
combination of buckling of the sheathing and pullout of sheathing screws from 
the frame. Figure 7 shows the typical failure mode for a 0.033-in. sheet steel 4 ft. 
× 8 ft. wall with 6-in. screw spacing at panel edges. For the 4 ft. × 8 ft. walls 
with 2”/12” screw schedule, the failure mode was the buckling of the sheathing. 
Additionally, distortion on the outer flanges of the boundary studs in tension 
was also observed for shear walls with 2”/12” sheathing screw schedule. Figure 
8 shows the failure mode on a 0.033-in. sheet steel wall with 2-in. screw spacing 
at panel edges. 
 
      
Figure 7 Failure modes for test 4×8×43×33-6/12-M1 
 
In the 2-ft. × 8-ft. wall monotonic tests, it was found that the displacement at the 
peak load was consistently greater than those in the 4-ft. × 8-ft. wall tests. 
Similar to the failure modes for the 4-ft. × 8-ft. walls, a combination of sheet 
buckling and screw pullout was observed for 2-ft. × 8-ft. walls with 6”/12” or 
4”/12” screw spacing schedule. Similar to the finding in 4 ft. × 8 ft. wall tests, 
the distortion on the boundary stud in tension was observed on 2 ft. × 8 ft. walls 
with 2”/12” screw spacing. Figures 9 and 10 respectively show the hysteresis 
curves for 4-ft. × 8-ft. walls and 2-ft. × 8-ft. walls. Tables 4 and 5 summarize the 





     
Figure 8 Failure modes for test 4×8×43×33-2/12-M2 
 
 





















Test 4x8x43x30-4/12-M1  

















Figure 9 Hysteresis curves for test 4×8×43×30-4/12 
 


















Test 2x8x43x33-2-M2  






































of wall top 
@ peak 
load (in.) 
4×8×43×33-6/12-M1 1023 1074 2.08 1.90 
4×8×43×33-6/12-M2 1124 1.72 
4×8×43×33-4/12-M1 1173 1189 1.73 2.03 
4×8×43×33-4/12-M2 1204 2.32 
4×8×43×33-2/12-M1 1317 1347 2.53 2.09 
4×8×43×33-2/12-M2 1376 1.65 
4×8×43×30-6/12-M1 801 794 2.51 2.47 
4×8×43×30-6/12-M2 786 2.43 
4×8×43×30-4/12-M1 940 959 2.47 2.62 
4×8×43×30-4/12-M2 977 2.76 
4×8×43×30-2/12-M1 1078 1054 3.46 3.20 
4×8×43×30-2/12-M2 1030 2.94 
4×8×33×27-6/12-M1 644 626 1.87 1.91 
4×8×33×27-6/12-M2 607 1.95 
4×8×33×27-4/12-M1 685 684 1.90 2.11 
4×8×33×27-4/12-M2 682 2.31 
4×8×33×27-2/12-M1 856 836 2.02 1.99 
4×8×33×27-2/12-M2 816 1.96 
2×8×43×33-6-M1 1065 1017 3.13 2.80 
2×8×43×33-6-M2 968 2.47 
2×8×43×33-4-M1 1147 1156 2.63 2.77 
2×8×43×33-4-M2 1164 2.91 
2×8×43×33-2-M1 1386 1361 3.35 3.20 
2×8×43×33-2-M2 1335 3.05 
2×8×43×30-6-M1 872 882 3.30 3.35 
2×8×43×30-6-M2 891 3.40 
2×8×43×30-4-M1 937 950 3.32 3.29 
2×8×43×30-4-M2 963 3.25 
2×8×43×30-2-M1 1096 1097 3.30 3.37 




















of wall top 
@ peak 
load (in.) 
4×8×43×33-6/12-C1 1113 1093 1.65 1.90 
4×8×43×33-6/12-C2 1072 1.61 
4×8×43×33-4/12-C1 1187 1210 1.79 2.03 
4×8×43×33-4/12-C2 1232 1.67 
4×8×43×33-2/12-C1 1399 1350 1.74 2.09 
4×8×43×33-2/12-C2 1301 1.80 
4×8×43×30-6/12-C1 901 911 1.92 2.47 
4×8×43×30-6/12-C2 921 2.25 
4×8×43×30-4/12-C1 1041 1014 1.98 2.62 
4×8×43×30-4/12-C2 987 2.03 
4×8×43×30-2/12-C1 1073 1070 1.73 3.20 
4×8×43×30-2/12-C2 1066 1.77 
4×8×33×27-6/12-C1 653 647 1.54 1.91 
4×8×33×27-6/12-C2 640 1.52 
4×8×33×27-4/12-C1 726 710 1.21 2.11 
4×8×33×27-4/12-C2 694 1.22 
4×8×33×27-2/12-C1 802 845 1.70 1.99 
4×8×33×27-2/12-C2 887 1.87 
2×8×43×33-6-C1 1132 1135 2.98 2.80 
2×8×43×33-6-C2 1137 3.11 
2×8×43×33-4-C1 1252 1264 3.02 2.77 
2×8×43×33-4-C2 1276 3.25 
2×8×43×33-2-C1 1429 1361 3.09 3.20 
2×8×43×33-2-C2 1292 2.99 
2×8×43×30-6-C1 916 924 3.00 3.35 
2×8×43×30-6-C2 931 3.26 
2×8×43×30-4-C1 1055 1053 3.22 3.29 
2×8×43×30-4-C2 1051 3.09 
2×8×43×30-2-C1 1198 1203 3.09 3.37 
2×8×43×30-2-C2 1208 2.96 
 
Nominal Shear Strengths 
The nominal shear strength was determined as the average peak load of all the 
identical tests. The nominal shear strength for wind loads is based on monotonic 





the cyclic tests. The nominal strength of the cyclic tests was taken as the average 
of the peak loads from the positive and negative quadrants of the hysteresis 
curve plot. In this test program, fastener spacing of 6-in., 4-in., and 2-in. were 
investigated, the nominal strengths for walls with 3 in. fastener spacing were 
determined by taking the average of nominal strengths for 4 in. and 2 in. fastener 
spacing. The same approach was also adopted by AISI Lateral Standard (2004).   
 
The coupon tests indicate that the measured base metal (i.e., uncoated) thickness 
for 0.033-in. sheet steel (0.0358-in.) was greater than the design thickness 
(0.0346-in.), the nominal strength need to be adjusted by the ratio of 
0.0346/0.0358 = 0.966 for 0.033-in. sheet steel shear walls. No adjustment is 
needed for the other shear wall configurations.  
 
The variations between the measured tensile strength and the minimum specified 
value were also observed from the coupon tests. The nominal shear strengths 
were not adjusted according to the variation in the material tensile strength. 
Instead, minimum material strengths were required in order to use the nominal 
shear strengths resulting from this research.  Future testing of shear wall 
assemblies with members that have close to specified strength may be 
completed in the future to determine what effect members with greater than the 
minimum specified strength have on a shear wall assembly.  Most likely the 
shear wall component to affect the strength of the assembly the most will be the 
sheet steel sheathing. Based on the results of this research project, thickness-
adjusted nominal shear strengths for sheet steel shear walls are summarized in 
Tables 6 and 7. 
 
Table 6 Recommended nominal shear strength for wind loads for shear walls 1,2,3 





Fastener Spacing at Panel Edges 
(inches) 
6 4 3 2 
0.033” steel sheet, one side3 2:1 1037 1146 1225 1301 
0.030” steel sheet, one side3 2:1 794 959 1007 1054 
0.027” steel sheet, one side4 2:1 626 684 760 836 
0.033” steel sheet, one side3 4:1 982 1114 1216 1315 
0.030” steel sheet, one side3 4:1 882 950 1024 1097 
Note: (1) Screws in the field of panel shall be installed 12 inch on center. 
          (2) Sheet steel sheathing, wall studs, tracks, and blocking shall be of ASTM A1003 
Grade 33 Type H steel with minimum yield strength, Fy, of 43 ksi and a minimum tensile 
strength, Fu, of 54 ksi.  
          (3) Wall studs, tracks, and blocking shall be of 43 mils or thicker. 





Table 7 Recommended nominal shear strength for seismic loads for shear walls 1,2,3 





Fastener Spacing at Panel Edges 
(inches) 
6 4 3 2 
0.033” steel sheet, one side3 2:1 1056 1169 1236 1304 
0.030” steel sheet, one side3 2:1 911 1014 1042 1070 
0.027” steel sheet, one side4 2:1 647 710 778 845 
0.033” steel sheet, one side3 4:1 1097 1221 1268 1315 
0.030” steel sheet, one side3 4:1 924 1053 1128 1203 
Note: (1) Screws in the field of panel shall be installed 12 inch on center. 
          (2) Sheet steel sheathing, wall studs, tracks, and blocking shall be of ASTM A1003 
Grade 33 Type H steel with minimum yield strength, Fy, of 43 ksi and a minimum tensile 
strength, Fu, of 54 ksi.  
          (3) Wall studs, tracks, and blocking shall be of 43 mils or thicker. 
          (4) Wall studs, tracks, and blocking shall be of 33 mils or thicker. 
 
Conclusions and Future Research 
Monotonic and cyclic shear wall tests on cold-formed steel framed walls with 
steel sheet sheathing on one side were conducted. The nominal shear strengths 
for wind loads and seismic loads were established from the test results. The 
buckling of the steel sheathing and pull-out of sheathing screws were the 
primary failure modes for sheet steel shear walls. The flange distortion of the 
boundary studs in tension was also observed on the walls with 2”/12” screw 
spacing. It is recommended for the future research to investigate alternative 
sheathing fastener pattern on the boundary studs to mitigate the distortion of the 
stud flanges. In this research, 43-mil framing members were used for 0.030-in. 
and 0.033-in. sheathing, and 33-mil framing members were used for 0.027-in. 
sheathing. It is recommended to study the performance of the 0.030-in. and 
0.033-in. sheet steel walls with 54-mil or thicker framing members, and the 
0.027-in. sheet steel walls with 43-mil or thicker framing members. 
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